To increase their level of conspicuity, emergency response personnel wear Personal Protective Equipment (PPE) with retroreflective materials. That is, retroreflective materials increase the probability that oncoming motorists will see them. The goal of the current study was to provide empirical evidence regarding the relative nighttime conspicuity of conventional-trim retroreflective patterned garments (which have retroreflective material concentrated on specific portions of the garment) and area-retroreflective patterned garments (which have retroreflective material distributed evenly across the surface area of the garments). The question of interest was whether trim and area-reflective garments that reflect the same amount of light (i.e., equal R I values) provide equivalent conspicuity. At night, subjects seated in the passenger seat of cars approaching a live simulated roadway accident scene attempted to detect and recognize a human form in the road. Across three different levels of R I , the results demonstrate that when area reflective and trim garments reflect the same overall amount of light, area reflective garments provide lower levels of conspicuity than do conventional trim garments. These results suggest that, under the conditions of the current study, the brightness per unit area of retroreflective material needs to be considered rather than simply considering the total brightness of the garment independent of the size of the retroreflective surface-area.
INTRODUCTION
Pedestrians are at great risk of being struck and killed by oncoming motorists, and the risk is particularly severe under poor viewing conditions. For example, in 2003 in the United States, 4,749 pedestrians were killed in traffic accidents, and 65% of those deaths occurred at night (Bureau of Transportation Statistics: U.S. Department of Transportation, 2004) . Emergency response personnel (e.g., police and fire department personnel) are particularly at risk for being struck by motorists as they work on roadways at night without proper lighting, and where the traffic systems are engineered with the expectation that pedestrians will not be present. In order to decrease the probability of being struck by motorists under such conditions, emergency response personnel wear Personal Protective Equipment (PPE) that incorporate high visibility materials into its design.
The use of high visibility materials in PPE effectively increases pedestrian conspicuity, reducing the probability that oncoming motorists will fail to see them (Rumar, 1990; Sayer & Mefford, 2004) . In order to maximize conspicuity during nighttime conditions, retroreflective material is incorporated into the design of PPE. Retroreflective material reflects light back in the direction of a light source, which in this case is back towards oncoming drivers. In contrast, nonretroreflective material (such as a white cotton shirt) reflects light diffusely in all directions. The majority of light reflected from the non-retroreflective material is directed to locations other than the source of the light (see Figure 1) . Therefore, when viewed from a moving vehicle at night, objects covered with retroreflective material are brighter and more visible to drivers than objects covered in non-retroreflective material. There are at least two broad methods by which retroreflective material can be designed into PPE: 1) Conventional trim patterned garments (hereafter referred to as "trim" garments) have retroreflective material concentrated on specific locations of a garment, and 2) area-reflective patterned garments (hereafter referred to as "area-reflective" garments) have retroreflective material distributed across the entire surface of a garment (see Figure 2) . Very little is known regarding the relative performance of these two methods of using retroreflective materials to increase pedestrian conspicuity.
Trim and area-reflective garments can be made such that they reflect the same overall amount of light. For example, a trim and an area-reflective garment could both have R I levels of 500. However, the trim garment would achieve this R I level by concentrating higher R A material on specific portions of the garment whereas the areareflective garment would achieve this R I value by using lower R A material that is distributed across the entire surface area of the garment. The goal of this study was to provide empirical evidence regarding the nighttime conspicuity of firefighters working at roadside accidents wearing each of the two basic garment designs: 1) trim or, 2) areareflective garments. More specifically, we were interested in examining the relative conspicuity of trim and area-reflective garments when the two garment types reflect the same amount of total light towards viewers.
The experiment was conducted at night (at least one hour after sunset). During each trial of the experiment, subjects were seated in the passenger seat of cars approaching a simulated roadway accident. Model firetrucks, signs, buildings, and parked cars were used to generate a visual environment representative of typical urban clutter. Subjects indicated via button press whether a retroreflective garment was present in the scene, and if the retroreflective garment was present, subjects also indicated via button press whether the garment was configured in the shape of a human. We examined three different R I levels of garment design (i.e., trim vs. areareflective) in order to determine if there is a significant interaction between garment design and R I levels. In order to measure the conspicuity of the different garments, distance from the simulated accident scene and error data were collected on each trial.
METHODS

Subjects
Eighteen subjects (10 male, 8 female) volunteered, with informed consent, to participate in the study. The ages for males ranged from 20-53 years, with a mean age of 30.4. The ages of females ranged from 21-58 years, with a mean age of 36.5. All subjects reported having normal or corrected-to-normal vision.
Apparatus
To acquire subjects' responses, a custom-built response time measurement system was used that enabled millisecond accuracy measurement of responses. The measurement system consisted of: a response box, infrared lasers, reflective markers, a radio transmitter, and a radio receiver. Aligning an infrared laser with a reflective marker perpendicular to the roadway created a trigger beam running across the roadway. Once the laser beam was broken a radio signal was sent via a radio transmitter to a receiver radio. The receiver radio sends a time stamp to the response time measurement device.
Materials
Twelve garment patterns were created by adhering retroreflective material on opaque cotton cloth material. The shape of each garment was designed to reflect a frontal view silhouette of either a human shape (6 total) or non-human shape (6 total). On three human-shaped figures, 1-inch thick retroreflective stripes were placed consistent with current firefighter garment designs (trim); on the three other human-shaped figures, ¼-inch diameter retroreflective dots were equally distributed across the surface area of the cloth garment (see Figure 3) . These represented the hypothetical area-reflective fire garment patterns. The six non-human shaped figures, three trim and three area-reflective , were all the same shape, and were consistent in coefficient of retroreflection (R A ) and coefficient of luminous intensities (R I ) with their counterpart human-shapes. The non-human figures are also shown in Figure 3 . The non-human figures were included to require subjects to use shape information to recognize the human form (i.e., the non-human shapes were distracters). The R A and R I of the twelve test garments were measured following the ASTM E 810-03 "Standard Test Method for Coefficient of Retro-reflection of Retroreflective Sheeting Utilizing the Coplanar Geometry." 
Procedure
Two simulated nighttime roadway accident scenes were created at the 3M Transportation Safety Research Center in Cottage Grove, MN. Both scenes depicted a similar plausible fire safety incident management situation. Placed at each scene were the following visual clutter objects: 1) a replicated rear end of a fire truck; 2) a parked sedan car with its low beam and hazard lights turned on facing the approaching vehicle; and 3) three orange and white retroreflective striped safety cones (see Figure 4) . For most trials, at each scene, one of the twelve retroreflective figures were placed in the road mounted on a wooden stand, at one of two locations, amongst the visual clutter. All subjects sat in the passenger seat (i.e., the subject was not the driver) of a 4-door sedan located 2,600 feet from each scene. To begin each trial, a driver accelerated the vehicle to 30 mph before crossing the initial triggering infrared beam at 2,100 feet. Upon reaching 30 mph the driver engaged the cruise control to ensure the vehicle's speed was kept at a constant 30 mph. Triggering of the beam initiated the response measurement timer. The subject pressed the "Detect" button as soon as he/she could detect the presence of any retroreflective figure within the road. Also, the subject then pressed either the "Non-Human" or "Human" button when he/she recognized the shape of the figure. Both detection and recognition times were recorded. Detection and recognition distances were calculated by multiplying the average velocity of the traveling vehicle by elapsed response time. Each subject was driven around the track 17 times, for a total of 34 experimental trials. There were 10 catch trials for each subject in which there were no retroreflective figures in the scene.
Experimental Design
A within-subjects 3 x 2 factorial design (3 R I levels (260 vs. 167 vs. 56) x 2 Pattern Designs (trim vs. areareflective) was used to investigate the effects of the independent variables. Each garment combination was randomly presented 2 times, once at each scene. Garment combination was randomized and counterbalanced by order of presentation and location. A repeated measures analysis of variance (ANOVA) was then performed on both detection and recognition distances.
RESULTS
The detection and recognition distance data are shown in Figure 5 . All statistical hypotheses reported in this article were tested with a two-tailed alpha level of .05. Detection distance data were subjected to a factorial within-subjects analysis of variance (ANOVA) with R I level (260 vs. 167 vs. 56) and garment type (trim vs. area reflective) as the independent variables. An analogous ANOVA was also conducted on the recognition distance data. 
Detection distance data
There was a reliable main effect of R I level, F(2, 17) = 147.573, p < .0001. A planned contrast revealed that the mean detection distance for the 260 R I garments (1,567 feet) was reliably longer than the mean detection distance for the 167 R I garments (1,446 feet), F(1, 17) = 39.403, p < .0001. A second planned contrast revealed that the mean detection distance for the 167 R I garments was reliably longer than the mean detection distance for the 56 R I garments (1,241 feet), F(1, 17) = 114.722, p < .0001. A third planned contrast revealed that the mean detection distance for the 260 R I garments was reliably longer than the mean detection distance for the 56 R I garments, F(1, 17) = 288.594, p < .0001.
There was also a reliable main effect of garment type. Specifically, the mean detection distance for the trim (1,447 feet) was reliably longer than the mean detection distance for the area-reflective garments (1,389 feet), F(1, 17) = 8.468, p < .001. The interaction of R I and garment type was not significant, F(1, 17) = 0.756, p < .47.
Detection error data
A detection error occurred when a subject erroneously reported via button press that there was no retroreflective figure in the scene. There was a reliable main effect of R I level, F(2, 17) = 4.716, p < .016. The average error rates for 260, 167, and 56 R I levels were 0.5%, 0.9%, and 3.7%, respectively. No other trends in the detection error data approached statistical significance.
Recognition distance data
There was a reliable main effect of R I level, F(2, 17) = 84.224, p < .0017. A planned contrast revealed that the mean recognition distance for the 260 R I garments (1,160 feet) was reliably longer than the mean recognition distance for the 167 R I garments (1,100 feet), F(1, 17) = 9.018, p < .006. A second planned contrast revealed that the mean recognition distance for the 167 R I garments was reliably longer than the mean recognition distance for the 56 R I garments (911 feet), F(1, 17) = 88.990, p < .0001. A third planned contrast revealed that the mean recognition distance for the 260 R I garments was reliably longer than the mean recognition distance for the 56 R I garments, F(1, 17) = 154.664, p < .0001.
There was also a reliable main effect of garment type. Specifically, the mean recognition distance for the trim (1,093 feet) was reliably longer than the mean recognition distance for the area-reflective garments (1,020 feet), F(1, 17) = 13.999, p < .0017. The interaction of R I and garment type was not significant, F(1, 17) = 0.548, p > .58.
Recognition error data
A recognition error occurred when a subject erroneously determined that a non-human figure was human, and vice-versa. The recognition error data showed no significant main effects of R I (F(2, 17) = 1.083, p > .35) or garment type (F(2, 17) =0.001, p > .97) and no significant interaction between R I and garment type, F(2, 17) =0.498, p > .61. The overall error rate across conditions was 3.1%.
DISCUSSION
The results of the study show that when trim and area-reflective garments reflect the same overall amount of light (R I ), trim garments are detected and recognized at greater distances than area-reflective garments. As such, the results of the study suggest that when trim and areareflective garments reflect the same overall amount of light, trim garments are more conspicuous than areareflective garments.
The current research has the following limitations. First, the results reported here were collected in a controlled experiment that was conducted under "best case" conditions. Subjects were passengers, focusing on the experimental task with no distractions and under excellent weather conditions. Therefore, subjects were able to devote maximum attentional resources to the task. As such, the absolute values of the detection and recognition distances should not be considered representative of actual driver performance (but we would expect viewer performance to retain the same ordinal positions in a representative driving task). Second, this study did not investigate a number of factors that have been shown to impact pedestrian conspicuity. These factors include, but are not limited to: color, weather conditions, background lighting, and movement (see Ho, 2001; Langham, 2003; Sayer, 2004) .
In conclusion, these results have broader implications for conspicuity when size of retroreflective area and brightness of retroreflective material are factors that can be manipulated. It is well established that all factors being equal, larger stimuli are more conspicuous than smaller stimuli and that brighter objects are more conspicuous than less bright objects (Wickens, Lee, Liu, and Gordon-Becker, 2004 ). However, we are aware of no research that provides guidance for which of these factors, size or brightness, is a stronger predictor of conspicuity. The current research suggests that brightness per unit area is more important than size if all other factors are held constant. On a practical level with respect to generating standards for PPE, the results suggest that the specifications for trim garments should not be applied to area-reflective garments and vice versa. That is, trim and area-reflective garments with equal specifications may not provide equivalent conspicuity.
